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1 I. 

COMPUTER PROGRAM - ABSTRACT 

I den ti f i c a t i o n  

TITLE : ' SFLARE - S o l a r  F l a r e  De tec t ion  

AUTHOR: R. R. S inge r s  

SPONSOR: R. K. Agarwal 

DATE : January  2 6 ,  1 9 6 9  

LANGUAGE : FORTRAN V 

KEYWORDS : S o l a r ,  F la re ,  P a t t e r n  r e c o g n i t i o n  

Purpose 

SFLARE was des igned  t o  v e r i f y  an a lgo r i thm t o  detect  
solar  f l a r e s  and t o  show the  f e a s i b i l i t y  of an  on-board so la r  
f l a r e  moni tor ing  system. 

Method -- 
SFLARE uses an  a lgor i thm developed by  t h e  sponsor 

t o  detect  s o l a r  f l a r  a c t i v i t y .  A d i g i t i z e d  p i c t u r e  of 
t h e  sun  wi th  f l a r e  a c t i v i t y  is ana lyzed  w l t h  t h e  a lgor i thm 
d e t e c t i n g  f l a r e  a c t i v i t y  above a give11 t h r e s h ~ l d  t o  simulate 
t h e  moni tor ing  system. 



COMPUTER PROGRAM WRITE-UP 

I d e n t i f i c a t i o n  

TITLE: 

AUTHOR: 

SPONSOR: 

DATE : 

LANGUAGE : 

KEYWORDS : 

PurDose 

SFLARF: 

SFLARE - Solar F l a r e  De tec t ion  

R. R. S i n g e r s  

R. K. Agarwal 

J anua ry  2 6 ,  1 9 6 9  

FORTRAN V 

S o l a r ,  F l a r e ,  P a t t e r n  r e c o g n i t i o n  

was designed t o  v e r i f y  an a lgo r i thm t o  d e t e c t  
so l a r  f l a r e s  and t o  show t h e  f e a s i b i l i t y  o f  a n  on-board s o l a r  
f l a r e  mon i to r ing  system. 

Method 

SFLARE uses  an a lgo r i thm developed by t h e  sponsor  
111 t o  d e t e c t  solar  f l a r e  a c t i v i t y .  A d i g i t i z e d  p i c t u r e  of 
t h e  sun w i t h  f l a r e  a c t i v i t y  is  arralyzed w i t h  t h e  a lgo r i thm 
d e t e c t i n g  f l a r e  a c t i v i t y  above a g i v e n  tiiresiloid t o  sii i tulate 
t h e  mon i to r ing  system. d-- 

Usage 

SFLARE u s e s  a b ina ry  (free format )  t a p e  i n p u t  on 
u n i t  2 ,  l o g i c a l  u n i t  B. The t a p e  conta i f i s  1 0 0 1  r e c o r d s  each  
c o n t a i n i n g  1.024 words. Each t a p e  i s  t h e  d i g i t i z e d  r e s u l t s  o f  
a so la r  f l a r e  p i c t u r e . *  The p i c t u r e  w a s  d i v i d e d  i n t o  1 0 0 1  
l i n e s  ( r e c o r d s )  w i t h  1 0 2 4  p i c t u r e  e lements  (words) p e r  l i n e .  
These e lements  w e r e  t h e n  conver ted  t o  i n t e n s i t y  v a l u e s  between 

*See [ l l  f o r  a sample of t h e  p i c t u r e s  which w e r e  d i g i t i z e d .  

4, 
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0 and 63 ( b r i g h t e s t ) .  The r e s u l t s  w e r e  t h e n  s t o r e d  on a t a p e ,  
each l i n e  cor responding  t o  a r e c o r d  and each e lement  of a 
l i n e  cor responding  t o  a word of t h a t  r e c o r d  (See F i g u r e  3 f o r  
Table o f  Bellcomm t a p e s  used  and t h e i r  cor responding  t h r e s h o l d  
v a l u e s .  ) . 

Output i s  i n  t h e  form of  a t a b l e  c o n t a i n i n g  t h e  area, 
c e n t r o i d ,  average  and peak i n t e n s i t i e s  of  each  flare ( F i g u r e  1). 
A p i c t u r e  i s  t h e n  p l o t t e d  ( S C - 4 0 2 0 ) *  o f  t h e  sun  and a l l  d e t e c t e d  
f l a r e s  t o  show r e l a t i v e  p o s i t i o n  (F igure  2 a ) .  I f  any f la res  
o f  importance (area g r e a t e r  than  158 e lements )  are d e t e c t e d ,  one 
o r  more 

1. 

2. 

3. 

o f  t h e  folloLGing p i c t u r e s  are a l s o  p l o t t e d :  

t h e  sun  and f l a r e s  of importance 1 

(158< area <396) 

t h e  sun and f l a r e s  of importance 2 

(395< area <953) 

t h e  sun and f l a r e s  of importance 3 ( + ) * *  

(592< area) . 
(See F i g u r e  2b.) 

Sample Run 

Hydrogen l i n e  f i l t e r e d  p i c t u r e s  o f  t h e  sun  showing 
f l a r e  a c t i v i t y  w e r e  d i g i t i z e d  a t  B e l l  L a b o r a t o r i e s  and used  t o  
t es t  t h e  a lgor i thm.  The p rocessed  p i c t u r e s  can  be  found i n  [l] . 
Sample o u t p u t s  from one of  t h e  p i c t u r e s  are shcwn i n  F i g u r e s  1 
and 2.  I n  t h i s  run ,  t h e  t h r e s h o l d  c o n s t a n t  ( a r b i t r a r y  i n t e n s i t y  
v a l u e  which d i s t i n g u i s h e s  t h e  f l a r e s  from t h e i r  background) w a s  
se t  t o  20. 

*These r o u t i n e s  are found on t h e  f i r s t  two f i l e s  of SSCPLT. 

* * 3 ( + )  imp1ie.s t h e  i n c l u s i o n  of  f l a r e s  o f  importance 
4(1895< a r e a )  w i t h  t h o s e  of importance 3. 



Program Descript ion 

All arrays are va r i ab ly  dimensioned f o r  ease  of change. 
The four  parameter v a r i a b l e s  a r e  def ined  a s  follows: 

NEL - number of  elements (e) 

NOB - number of ob jec t s  ( $ )  

N L I  - number of l i n e s  (L)  

LPERO - number of  l i n e s  p e r  o b j e c t  (L ) K 

The r e l a t i o n s h i p  between these parameters (e, $ ,  L ,  LK) may be 
found i n  [ l l  i n  t h e  form of a nomograph. T h e  t h re sho ld  c o n s t a n t ,  
Q ,  i s  a l s o  a parameter va r i ab le .  

I t  should be noted t h a t  t h e  algori thm as  prograrrbmed 
i s  n o t  designed f o r  speed. In  p a r t i c u l a r ,  t h e  search f o r  zn 
unused l i n e  and t h e  check f o r  used l i n e s  may be r e f i n e d  by 
"marking" t h e  l i n e s  i n  t he  master l i s t  and doing a l l  searches 
and/or l i n e  checks from t h e  master l i s t .  
i s  with t h e  s i g n  b i t ,  t h e  s i g n  of an unused l i n e  being + and a 
used l i n e  -. The l i n e  check then  involves  checking only the  
s i g n  b i t  of t h e  l i n e  involved i n s t e a d  of comparing t h e  l i n e  with 
a l l  previously assigned l i n e s .  
a t t a i n e d  i n  t h e  search f o r  unused l i n e s .  

One way of doing t h i s  

A s i m i l a r  time decrease i s  



NtiSULTS OF FLARE DETECTIOiJ: 
C ENTRO X D 

OBJECT AfiEA Y X 
1 GO 401 640 
2 6 412 731 
3 4 449 (373 

a05 5 32 4 55 
4 427 467 864 

. r  - 

FIGURE 1 
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INTENSITY 
PEAK AVERAGE 

22 2 0  
20 20 
20 20 
27 22 
21 20 
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FIGURE 2b 
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T a b l e  o f  Bellcomm Solar F l a r e  Tapes 

T a p e  
Number 

~~ 

1843 

2180 

1667 

1420 

Figure 3 

T h r e s h o l d  
Value Q 

36 

20 

27 

28 
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APPENDIX A 

Listing o f  the program as set up f o r  t h e  
sample  r u n .  
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